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SIZE AND DENSITY OF A 242Pu COLLOID
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* Los Alamos National Laboratory, Los Alamos, NM 87545, U.S.A.

** AS~A. ATOM R~ACTORS, Box 53, S.72] 04, v&gter&, Sweden.

ABSTRACT

The size and density of a 242PU Co]]oid b been measured by autocorrelation

photon spec.tromet,ry. The density of the colloid was determined by ultraspeed cen-
trifugation. From the concentration profiles of ‘42Pu in the centrifuged test tubes,

a standard smiimcntation formula was us~d to calculate the density; the size of the
colloid wa.. known from the iight scattering experiments. The dcterminwl drnsity of
the 242Pu colloid WM uncxprctedly low compared to the density of crystalline PU02.

lINTRODIJ(;TION

Trii nsport of radi(muclides, rithor as radiocol]oids or morv probal)]y M ptwudo-
co]loids, is onr possible mechanism for the rclcasv of artinichw from im lJn(lcrground

repository for high-level rfid ioiictivc wiu+tr[ 1]. Thr transport of colloi(ls may not I)c

r(’titr(lcd lJy ad S(,~ptiOIl on minvri+l surfaces.

III ,~(l(liti(m to transport coil.+i(l(~rat,iolls” tlwrc is th(’ possibility of misint(vpr(’t-

ing sorption” irl(*sllr(’rrl(*llts. For (*xarIIplc, if ii low-d(msity, Iow-molrcular-weight cd-

Ioi(l sp(v- ir is forrrwd, Ihon w twn c(’l)lrifllgalioll is prrforimx] to sopiiratr ph~srs for
il sorl)t~on rrl(’aslJr(’11)(’rll. I)nrl of I,hc colloidal” susp(wsion will I)(* s(vlimcnt.(vi with tl]o

crush(’(1 rock. If thr sci(’lltists 1)(’rforlrlil]g the mcaqurmn(vltti arr (lxc(v’(iing]y careful,

ttl(’ (“(’[)1.riflJKiltiolJ proc(vllirr woI]l(l givr ii r(’produriblr ratio of activity in th(’ solid and

iiqll(’oils ptliLWs. This riltio would 1)(s in(iq)(.n(lcnt of c(:nc(wtration and would mimic

ii lin(wr isoth~”rrll (~xil~tly, (SVOiI if II() ii(lsorpti(~ll had art, utilly takrn placr.
Two of thr iJrot)l(lIlls irt]p(vling ttw study of colloidal trtirJsport tir(’ tlw snmll

l]lllrll)(’r mI(l sIIIidl si/(* (lf rolloi(is” prwwnt in (Iwp groun(lwat.(’rs; thww factors reran that

(“ollvvntiollal” IJIt*l, tI()(l:, for ~lnd,lyzing (“oih)i(is C;,II IIOt h uw(i[z]. A(ltocorr(’l~tiorl photon”

sprctros(.oi)y, ” AI’s, has tt]r il(lviilktit~t~ of high ~(’llsitivity JLII(l it is r~or)(l(’~tr~]rtivi’.

III this slIJ(ly, III(’ sin’ of n 2421311 co]h)i(l hwi [)WVI m(uwurf’d hv AI’S, WI(Ithr dml-
~ily of III(* rolloi(l” Wit!+ Slll)swlll(’ll[,ly l’ill[”lllilt~”(l fr~)ltl llltrn(”(’l]lrifllK[ltioll (’xi)t’lilll(”rlts.

EXI’ltI{l MIINTA1,

I’r(’l)ilriltioll of III(’ colloi(l

‘[’11(’ rolloi(l” wns prr~)urwl I)y il]rr(wsing I)hr 1)11 ill ,LII nci(l solllt iolJ (olllnillillK

2+21’ 11. ‘1’hv colloi(l” w;w fort]lfvl nt ii ~)11 iiIOIIII(l 2-:{, :iII(l ltJi~ ‘421’11 (.oll(t’llllrlllioll” ill

ttJt’ Hollltioil” W;ls I * 10 4 M. ‘1’wo Hnmph*xwrrv l)ro])nrml, (mr with n (;II i(m rOlIIIIIII

Cl(’aillli) lx) r(’tll~)vr illly rmi(lllnl r kt,i~}ll s:miw of I)ll]tollilll]l. II Wns ttloll~,lll 1.111)11,11(’

(’hi, iofi rt’sill Ill;ly (.olltril)llt(” I)ilrti(’lllnhs to I,llv slIs I){ ’[lHioJl. R() si~nili(;llll ~lill(’r(*il(”(*



was observed in the APS analysis of the two sa.mplcs. so the purified colloid was used

exclusively in this study.

Size deterrni~_ation

The size of the colloid was tneasured by autocorrelator photon spectroscopy. The

AI’S system, run be lXC-Division at LAINL, consists of a SpectraPhysics Model 165

2 watt Argon Ion laser (tuned to the 514.5 nrn line), a Brookhavcn instruments Corp.

131-200 automatic goniometer, which has a temperature-coi~ trollecl sample cell holder,

and a Brookhaven instruments Corp. B1-2030 autocorrelator[3].

The apparatus is a light scattering system wht-m! laser light is directed on the

sample vial, and scattered light is detected by a photomultiplier thrc~gh a telescope

mounted on the goniometter arm. The lig}lt pulses are autocorrelated in real tirric by the

autocorrelation circuit and accumulated. As the particles make a random walk through

the solut,ion they can position themselves so t }ial Iig}lt scattered from two particies

will constructively ir]t(’rfere. Tbt’ resulting increase in light intensity will (i(’cay in

time as the particles (Ii fruse. The autocorreliit ion fur]ction will exhihit an exponenti:il

decay where t he decay coristant is ~~ro~)ortionai to th(. diffusivity, ‘1’he hydro(iyr]ar]]ic

(Ii:ilrlt’t,(’r can 1)(’ (1(’1(’rrr]ir](l(l froril tt)e dii~llsivity Ijsirig th(’ St,okcs-h ;ir]st,(’ir] equation.

‘1’11(’Corr(’!iitioll” fllll(lior] is in fact ii contir]l]olls sum of expon(’nt ial decays becausv in

g(’rlf’ri~l II)(’ (olloi(] is riot rrlorio(lis~)(’rsf’. ‘1’he al]tj(jcorrelatfiorl” s]mtr Ilrn is th(’reforc ii

fllllctiorl of tli(’ sizt’ (iistril)llti(~n arl(l call ])e (Iiwr ibed by the fol!owi]tg eql]al ion,

/

(x

!/(7) (Wp( l’7)j(l’)dl’,

. (1

(1)

wh(’r{’,

9 tt](’ iillto(”(); r(’lilti()ll fllr)ct ior],

tifrl(l,

;’ t II(* d(’(’iiy (’ollst ;Illt .

‘1’}1(’ 24 J1’li (.olloi(l” sizt’ (lislrit)l]t ioIl lII(I;i51j r(ItiI(’llts w(~r(’ (1(’t,t’rl Ilili( (1 ;Il ii 90 (jegr(’(’

s(. athlrirlg ;iIIgl (I. ‘1’tl(’ iiVf’riigt’ siz(’ all(i t 11(’!iI’((lrl(l rfloll)(’ltt(if the (iistrlt)(ii ion is galls-

Siiil] ttl(’ s(’(ofl(l Ifl[)lrl(jrlt is tilt’ st;iri(l;ir(j f{(tvi;ilioll) W(lr(’ (j(~t,($rlllil]()(l !)% t,jIiI clllrlllliir]l

Irlotllo(l, 4

1)(’rlsity (1(’1(’IIlli Iliitioll
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where,
radial position at t.imc tl,
radial position at time tz,
hydrodynamic radius of the particle,
angular velocity of rotor,
particle density,
density of solution,
dynamic viscosity (the rotor temperature was k(’pt at .1 (‘).
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